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Abstract
Low vision has been defined as impaired vision that cannot be fully corrected by eyewear, medication, or surgery. Depending on 
the type and severity of the eye condition inducing impaired vision, the resulting perceptual experience can range vastly. Because 
of the wide range in perceptual experiences, one method for altering the presentation of text may not be a sufficient 
accommodation for all computer users with low vision. The present study sought to understand the tools that individuals with low 
vision currently use and how these individualscustomize the presentation of content when reading academic text. Four students 
and two college graduates were interviewed about their visual conditions, assistive technologies, and methods for extended 
reading. Results indicate that the visual experience determines what assistive technologies are useful and how text is customized 
so as to be readable. The manner in which content is presented influences whetheran individual with low vision will experience 
eyestrain, fatigue, and headaches, and thus determine how long the task will be worked on. Participants indicated that the variety 
of different assistive technologies and varying customization methods are all exercised with the same end-goal in mind: to make 
the content perceivable and readable. The varying needs of individuals should be both understood and supported in the design of 
assistive technologies. Failure to do so could prevent equal access to individuals with low vision.
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1. Introduction
Hey, do you guys want to hear a joke? Have you ever seen a blind man juggle? 
Have you ever seen a blind guy juggle with chainsaws?
Have you ever seen a blind guy juggle with chainsaws on fire? 
…That’s how I feel sometimes.
- Participant 4
If you are among the 96% of the world’s population with normal vision, you are most likely reading this article 
directly from your computer without too much trouble. You may put on a pair of glasses, or you might turn up the 
brightness of your monitor. You may even print out the article on standard-sized white paper. Generally speaking, 
you can do this without changing the general presentation of thepage and still read the article. Now think about how 
reading this article would be if, even after putting on glasses, the content still was not fully perceivable, or changing 
the brightness simply did not help or resulted ina painful experience. For individuals with visual impairments, the 
way content is displayed drastically alters their ability to perceive and read the desired content. What may be 
deemed as “Nice to have” for someone with normal vision turns to be of necessity for someone with low vision. 
Without proper accommodations, someone with low vision simply will not be able to read this article. Such 
accommodations may not be the same across the entire low vision community because the conditions inducing the
visual impairments may result in different visual experiences for different individuals. Thus lumping all individuals 
labeled as “visually impaired” together fails to consider the range of needs for this user population. Without 
customizable accommodations when using a computer, people with low vision may experience feelings similar to 
Participant 4, as quoted above. In order to truly ensure equal access, the current needs of the low vision community 
must first be understood. The purpose of the present study is to qualitatively assess the range of needs that 
individuals with low vision have when reading and working through school. 
Low vision is defined as any visual deficiency that cannot be fully corrected from eyewear, medication, or 
surgery, and typically results in a visual acuity of 20/70 or worse in the better eye while wearing corrective eyewear 
[1,2]. It affects about 3.5 % of the world’s total population, or 246 million people [3], thus making it the highest 
prevailing form of visual impairment.
Low vision can originate from a variety of conditions. Some of the more common conditions include macular 
degeneration, cataracts, and glaucoma [4,5], each of which impact a different area of the eye and thus results in a 
different visual experience, as can be seen in Figure 1.
Fig. 1. The visual experience of someone with (a) normal vision, (b) Macular Degeneration, (c) Glaucoma, and (d) cataracts
Eye conditions that are genetic, such as retinitis pigmentosa, can result in a steady decay of vision over the course of 
life. Because retinitis pigmentosa is the rapid degeneration of light-sensitive cells in the retina, vision begins to 
a) b) c) d)
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narrow resulting in a tunnel-like experience. Someeye conditions may result asside effects from other events. 
Retinitis of prematurity, for example, has been related to early exposure to high levels of oxygen among premature 
infants [6] and results in an abnormal growth of blood vessels in the eye. Thus, the large number and wide variety of 
conditions resulting in low vision make proper accommodations for this population incredibly important.
As aforementioned, the visual experience within the low vision community ranges drastically based upon the eye 
condition the individual may have, which in turn can affect reading ability. Studies investigating the effect that 
various textual displays have on reading rates for people with low vision found that those with different visual 
capabilities had slightly different needs [7]. Participants with central visual-field loss benefited from larger character 
sizes; however, those with peripheral visual-field loss benefited from smaller character sizes. Participants with a 
clear ocular media read effectively regardless of the contrast between text and background color. However,
participants with a cloudy ocular media read relatively faster with white text on a black background.These findings 
indicate that the presentation of text quantitatively affects performance depending on the visual experience of the 
individual, and that one type of accommodation that may help one personmayhinder another person.
Qualitative differences, such as preferences and comfort levels, between accommodation strategies are also 
important to understand when considering special populations amongst computer users. When reporting results from 
a survey,designed to assess low vision users’ needs when perceiving text display on a computer, Henry includes the 
experiences of four different people, each with a different condition [8]. One individual with retinispigmentosa 
prefers light text on a dark background, as does another individual with diabetic retinopathy. Another individual 
with cataracts increases the font size and line spacing to improve readability.  The visual acuity of yet another 
individual, who has an inflammation in the cornea, ranges depending on the day and the level of inflammation, so 
different font sizes are used accordingly. Just from surveys of four people, Henry was able to depict the variability 
in needs based upon the visual experience of the individual. 
The present study aims to extend the qualitative findings of Henry’s study[8] to provide further investigation for 
what accommodations strategies are used by individuals with low vision, specifically in the context of reading over 
extended periods of times in academic settings. The present study also aims to identify the assistive technologies 
that low vision individuals currently use. These individuals may have to use a variety of methods to study for long 
periods of time in order to be successfulin school. Four current students and two college graduates were interviewed
individually. Through qualitative assessment of common themes captured by the interviews, actual strategiesare 
reported to better understand the optimal presentation of content when reading from a computer.
2. Method
2.1 Participants
Six participants (1 female), all self-classified as having low vision, completed both portions of the current study. 
Participants were recruited through fliers and word-of-mouth referrals from California State University Long Beach 
and its surrounding communities.  Four were current students (age range = 18 - 55 years, Median age = 25 years). 
Two were not current students (age range = 61 - 67 years), but individuals who have obtained a graduate degree 
(one Masters and the other a Ph.D.).  The study was divided into two parts. All participants completed both parts 
and were compensated $45 for their time.
2.2 Procedure and Materials
The present study consisted of two parts. The first part included a demographics questionnaire and closed-ended 
questions about age, visual condition, and year in school, as well as preferred assistive technologies and experience 
with screen magnifiers. The questionnaire was verbally administered and lasted about 20 minutes. The second part 
was an instructional accommodation interview and included five open-ended questions on methods for extended 
reading on electronic and paper mediums, users’ experiences when text cannot be customized, and elements that 
they prefer to customize (e.g. font type, color). This portion lasted between 20 to 40 minutes. All interviews were 
conducted in a quite room with each person individually. Each interview was voice recorded then later transcribed 
for analysis. One researcher categorized common themes amongst the interviews. Two individual raters then coded 
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the interviews independently. There was an 87% agreement between the two raters. A third rater resolved the 
discrepant classifications.
3. Results
Although there were a small number of participants interviewed in the current study, their responses reflected a
wide range of experiences and needs. Table 1 depicts the type of condition, experience resulting from such 
conditions, and the age at which the participant was diagnosed. Of all participants, 67% (n = 4) reported diagnosis as 
occurring at birth, or shortly after. Visual acuity ranged from 20/50 to 20/200, with one participant stating his acuity 
ranged depended on the time of day. 83% (n = 5) reported using additional corrective eyewear, with one stating that 
the prescription was different in each eye. 
Table 1. The condition and visual acuity of each participant
Participant Condition Visual Acuity Age of Diagnosis
1 Retinopathy of prematurity 20/50 Birth
2 Dead optic nerve (left eye) 20/150 Less than 1 year
3 Unknown 20/200 10
4 Retinitis pigmentosa 20/100 Birth
5 Retinopathy of prematurity 20/200 Birth
6 Toxoplasmosis 20/80 – 20/100 3
Even with the use of corrective eyewear, all participants reported using assistive technology, which is defined as 
an additional piece of equipment that allows the user to overcome his or her disability to accomplish his or her goals
[9]. Figure 2 depicts the proportion of participants reporting to use each type of assistive technologies, with 
participants frequently using a closed-caption television (CCTV) for paper text and screen magnifiers or Kurzweil 
for electronic text. One participant preferred to customize his own style sheet that would be used across all 
webpages. Two participants reported turning on a screen reader once they got tired from reading. These findings 
indicate that not one type of assistive technology was used among all participants but ranged depending on the 
degree of impairment and individual need. 
Fig. 2.Proportion of participants reporting to use each type of assistive technology.
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Fig. 3. The proportion of participants reporting which elements are customized when reading computer content
Of the five who reported using a screen magnifier, two reported using it because no other form of enlargement 
would work for the specific task (e.g. to see icons on the desktop background) and three reported using it because 
the screen magnifier is preferred to other forms of enlargement devices. One participant explained that using a 
screen magnifier is “like reading through a straw” due to the fact that the amount of original content decreases as the 
level of enlargement increases, thus requiring users to shift the screen horizontally to read a full line of text. The 
participant who did not report using a screen magnifier explained that having to shift the screen horizontally was too 
difficult to be worth the trouble. Instead he enlarged content, using web browser controls, just to the point that the 
full line would still fit on the page. He would then read the content with his nose inches away from the screen. 
Regarding their introduction to assistive technology, surprisingly, all but one participant reported that they began 
using assistive technology during college. Before college, they squinted or worked with a magnifying glass, 
oftentimes hunching over books, with the tip of their noses just inches above the pages. The one participant who 
received the technology prior to college explained that a teacher had noticed him/her hunching over pages and 
squinting, so the teacher recommended s/he transfer schools to the neighboring high school that had assistive 
technologies available for student use.
All participants reported reading from a technological device, most commonly either a laptop or desktop, for at 
least 10 hours a week.  Thus, customizing the presentation of content prior to reading was incredibly important to 
them.Common document propertiesthat participants reported to customize include text size (100%, n =6), font type 
(50%, n = 3), background color (50%, n = 3), and text color (50%, n = 3), as shown in Figure 3. Background color 
would be changed such that the text would present a high contrast (e.g. white-on-black) or a low contrast (e.g. black-
on-beige), depending on the individual need. Assistive technology could not always provide a customized 
experience, so participants reported doing this a number of different ways, as Table 2 indicates. Without being able 
to change the presentation of content, participants often reported feelings of eyestrain (66%, n = 4), headaches (33%, 
n = 2), or nausea (33%, n = 2), as depicted in Figure 4. Two also reported changing their posture to get closer to the 
screen to accommodate for fatigue. One, however, stated that s/he would not even attempt to complete the task. “If I 
cannot read it,” s/he explained, “Then I don’t read it.” The ability to customize the presentation of text is incredibly 
important when reading, because the alternative could result in the participant experiencing physical pain. 
Participants explained that the pain would become so intense that they would need to stop what they were doing and 
walk around just to wait for the pain to subside. Sometimes this would result in classwork not getting done, but 
without an alternative way to work around the painful eyestrain or headaches, these students simply could not 
complete required homework or reading.
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Table 2.Methods for customizing the presentation of text to make it more readable.
Most participants (83%, n = 4) regarded more than one hour-and-a-half to be an extended period of time for 
reading. However, one considered an hour to be an extended period and another considered 30 minutes to be 
extensive.All participants reported that taking breaks was necessary when reading for long periods of time, 
oftentimes takingthem every 10 to 20 minutes or every 20 to 30 minutes, depending on the person and the reading 
material.Participants reported several different strategies to accommodate for the long duration, with the most 
common being to enlarge portions and read sections at a time (100%, n = 6). Such a method could result from a 
combination of the inherent function of an enlargement tool, such that only sections are visible after increasing the 
size,as well as the need for repeated breaks. Other methods include changing the contrast before reading (n = 2), 
which reflects an individual need based upon the visual experience, and copying content into a word processor (n =
2), which supports the ultimate customization. Regardless of the method, customizing the presentation of the 
document prior to extended reading was a necessity. One participant explained that prior to reading something really 
difficult, s/he would spend up to four hours customizing it. As s/he explains, “It’s worth putting four hours up front 
to get that document in the right format for me to read.”
Fig. 4. Proportion of participants that report using each method to accommodate for fatigue during a task
Proportion saying 
“Yes”
What strategies do you use to make text more readable? (Adopted from Henry, 
2013)
83.33% I sometimes change text size using Web browser zoom controls
83.33% I sometimes use specialized screen magnification software
66.67% I sometimes copy and paste text into a Word processing software
66.67% I changed the way my operating system displays text
16.67% I sometimes change the contrast mode of my Web browser display
16.67% I changed the way my Web browser displays all web pages
Increase 
magnification
38%
Stop the 
task for the 
day, 31%
Turn on a 
screen 
reader, 15%
Move 
closer, 8%
Take longer 
breaks, 8%
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Fig. 5. The proportion of participants reporting particular experiences when reading material has not been customized
If a task was not complete, but fatigue began to set in, participants reported different strategies to accommodate 
for fatigue and continue with the task, as Figure 5 depicts. A typical method would be to first enlarge content even
more, in order to reduce eyestrain. Once eyestrain became unbearable, participants (n = 2) would turn on a screen 
reader as a supplement to visual reading, so that they could follow along with the text but not focus. Once this got to 
be too much, they would stop the task for the day, regardless of whether it was done or not.
4. Discussion
Based on the experiences of these six individuals, the methods used to alter the presentation of computer content 
in order to perceive it varied. The method chosen ultimately depends on the type of eye condition and visual acuity, 
as these alter the user’s visual experience. Customization is, thus, necessary in order to perceive content. Our 
findings suggest that enlargement of text alone is not sufficient for all individuals with low vision. Without the 
ability to customize the presentation of content, some individuals maystill attempt to complete the task, but in doing 
so, could experience negative physiological symptoms as a direct result. A majority of our participants prefer to read 
electronic content, as opposed to paper, because they have much more flexibility with how to display the content.
While the needs of the low vision community are slowly, but steadily, becoming more prevalent in the current 
literature, more research is needed.  Most ofparticipants in the present study acquired access to assistive technology
during college. This finding is surprising because it indicates that many low vision students, such as those in high 
school, are not being provided with reasonable accommodations. Future studies should assess the needs of different 
sub-populations of low-vision individuals as well as expand upon the number of students. While we begin to see 
varying needs within the low vision community in the present study, design recommendations cannot be based upon 
the needs reported by this small sample alone.
If you are among the 96% of the world’s population with normal vision and still reading this article directly from 
your computer, remember that for equal access to be truly equal, this article should not be easily read just for those 
with normal vision but for all, including those with low vision as well. Only after first understanding the needs and 
experiences of such individuals can proper accommodations then be designed. 
Acknowledgements
A huge thanks to Typometric Solutions and the Center for Usability in Design and Accessibility for supporting 
this project and all of our efforts.
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
Eyestrain Posture Change Headache Nausea Task Incomplete
Pe
rc
en
ta
ge
 o
f P
ar
tic
ip
an
ts
Reported Experiences Reading from Material that is not Customized
5213 Elyse C. Hallett et al. /  Procedia Manufacturing  3 ( 2015 )  5206 – 5213 
References
[1] American Optometric Association [AOA], Low Vision, (2014a). Retrieved October 15, 2014, from http://www.aoa.org/patients-and-
public/caring-for-your-vision/low-vision?sso=y
[2] H. Bruggemen, G.E. Legge, Psychophysics of Reading-XIX. Hyptertext Search and Retrieval with Low Vision, Proceedings of the IEEE, 90 
(2002) 94-103.
[3] World Health Organization [WHO], Visual Impairment and Blindness, World Health Organization (2014). Retrieved November 23, 2014, 
from http://www.who.int/mediacentre/factsheets/fs282/en/
[4] AOA, What Causes Low Vision? (2014). Retrieved October 15, 2014, from http://www.aoa.org/patients-and-public/caring-for-your-
vision/low-vision/what-causes-low-vision?sso=y
[5] Web Accessibility in Mind [WebAIM], Visual Disabilities: Low Vision, Web Accessibility in Mind (2013). Retrieved January 22, 2015 
from http://webaim.org/articles/visual/lowvision
[6] I. Casteels, C. Cassiman, J. VanCalster, K. Allegaert, Educational Paper: Retinopathy of Prematurity, European Journal of Pediatrics, 171 
(2012) 887-893.
[7] G.E. Legge, G.S. Rubin, D.G. Pelli, M.M. Schleske, Psychophysics of Reading-II. Low Vision, Vision Research, 25 (1985) 253-265.
[8] S.L. Henry, Understanding Users’ Needs to Customize Text Display (2013). Retrieved September 25, 2014 
from http://www.tader.info/understanding.html
[9] D.L. Edyburn, Rethinking Assistive Technology, Special Education Technology Practice, 5 (2004) 16-23
